Abstract. In this paper, Lie bialgebra structures on the extended Schrödinger-Virasoro Lie algebra L are classified. It is obtained that all the Lie bialgebra structures on L are triangular coboundary. As a by-product, it is derived that the first cohomology group H 1 (L, L ⊗ L) is trivial.
§1. Introduction
The Schrödinger-Virasoro Lie algebras [6] were introduced in the context of non-equilibrium statistical physics during the process of investigating the free Schrödinger equations. They are closely related to the Schrödinger algebra and the Virasoro algebra, both of which play important roles in many areas of mathematics and physics (e.g., statistical physics, integrable system) and have been investigated in a series of papers [7-10, 13, 18, 21, 25] . In order to investigate vertex representations of the Schrödinger-Virasoro Lie algebra, J. Unterberger introducted (see Definition 1.5 in [22] ) a class of infinite-dimensional Lie algebras called the extended Schrödinger-Virasoro Lie algebra L, which can be viewed as an extension of the Schrödinger-Virasoro Lie algebra by a conformal current of weight 1 and generated by {L n , M n , N n , Y p | n ∈ Z, p ∈ Z + 1/2} with the following Lie brackets:
Note that L is centerless and finitely generated with a generating set
Moreover, it is
where L n = span{L n , M n , N n } and L n+1/2 = span{Y n+1/2 }, for all n ∈ Z. The derivations, central extensions and automorphisms of L have been studied in [5] .
To search for the solutions of the Yang-Baxter quantum equation, Drinfel'd [1] introduced the notion of Lie bialgebras in 1983. Since then, a number of people have studied further Lie bialgebra structures (e.g., [3, 11, 12, [14] [15] [16] . Witt type Lie bialgebras introduced in [20] were classified in [17] .
This work has been generalized in [19, 23] . Lie bialgebra structures on generalized Virasoro-like and 1 
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where Id is the identity map. Dually, a Lie coalgebra is a pair (L, ∆) with a linear map ∆ : L → L⊗L satisfying:
A Lie bialgebra is a triple (L, δ, ∆) such that (L, δ) is a Lie algebra, (L, ∆) is a Lie coalgebra, and the following compatible condition holds:
where "·" means the diagonal adjoint action, i.e.,
Denote by U the universal enveloping algebra of L and 1 the identity element of U . For any 
Definition 2.1 (1) A coboundary Lie bialgebra (L, δ, ∆, r) is a Lie bialgebra such that the cobracket ∆ is an inner derivation, i.e., there exists an element r ∈ L ⊗ L such that 
The following famous results are due to Drinfel'd [2] , Michaelis [14] and Taft [20] , respectively. We combine them into one theorem as follows:
is a Lie bialgebra if and only if r satisfies MYBE.
(ii) Let L be a Lie algebra containing two linear independent elements a, b satisfying [a, b] = kb for some nonzero k ∈ F, and set r = a ⊗ b − b ⊗ a. Then r is a solution of CYBE and equips L with a structure of triangular coboundary Lie bialgebra.
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) be the set of all derivations (resp. inner derivations). Then it is well known that
where H 1 (L, V) is the first cohomology group of the Lie algebra L with coefficients in V. Z µ p with µ p ∈ V p , then we set D α (µ) = µ q+α . Obviously, D α ∈ Der(L, V) α and we have
which holds in the sense that only finitely many D α (u) = 0 and
2) is a finite sum, referring to [8] for details.
Taking these two Lemmas above into account, we can immediately derive the following result from Proposition 1.2 in [4] .
Z r p as a finite sum with r p ∈ L ⊗n p . By hypothesis, L 0 · r = 0, which implies r = r 0 .
Since M 0 · r = 0 by the assumption, all the coefficients of the terms containing N j for j ∈ Z are zero, hence these terms in the sum vanish. Similarly, by N 0 · r = 0, one can kill the coefficients of the terms containing M j and Y j+1/2 with j ∈ Z. Now we can rewrite r by
But M 1 · r = 0 forces all the coefficients c r 1 ,r 2 ,···rn are zero. This proves the lemma.
, we shall prove that the zero derivation is obtained after a number of steps in each of which D is replaced by D − u inn for some u ∈ V 0 . This will be done by a little bit complicated calculations. For clarity, we divide them into three claims.
Note that all the sums are finite. For any n ∈ Z, one can easily get the following identities by (1.1):
with p ∈ Z, and using induction on 
2,k = a
4,k = a
10,k = a
3,n = a
5,n = 0, for k = 0, 2, n = ±1.
In particular, one has
which together with the fact that {p ∈ Z | a for p ∈ Z\{−2, 0, ±1}. Similarly, comparing the coefficients of 
10,2 = 0, (3.8)
3,p = a
4,p = a
5,p = a
for any p ∈ Z, p 2 ∈ Z \ {0, ±1}, p 3 ∈ Z \ {0, −1, −2}, p 4 ∈ Z \ {0, ±1}, p 5 ∈ Z \ {0, −1, −2}, p i ∈ Z\{−1, 0} with i = 6, 7, 8, 9 and p 10 ∈ Z\{0, ±1}. 
6,n = a
7,n = a
8,n = a
9,n = a
10,n = 0, for all n ∈ Z, (3.10)
10,p = 0, (3.11)
10,p = 0, (3.12)
1,0 + 2d
where j 1 ∈ Z\{0, ±1}, j 2 ∈ Z\{0, 1}, j 3 ∈ Z\{0, −1}, j 4 ∈ Z\{0, 1}, j 5 ∈ Z\{0, −1}, j ∈ Z\{0}, p ∈ Z\{0, 1}, i = 6, 7, 8, 9, l = 2, 4, 10 and k = 3, 5. Then it follows from (3.3), (3.9) and (3.10) that It follows (3.14) and (3.16) that 
As a by-product, we also get b 24) where p ∈ Z\{0, ±1, 2, 3} and q ∈ Z\{−3,
1,0 v inn in place of D in the first equation of (3.21), one can assume a 
26) 
28) 
1,1 + 3d
1,0 + 3d
4,0 + 2d
5,1 + 2d
(1)
9,0 + d 
which together with (3.30), yields D(N 1 ) = 0. Hence, the claim is proved, so is the theorem, since
The following lemma is very useful to the main theorem in the paper.
We shall show that after several steps in each of which v is replaced by v − u for some u ∈ Im( Id − τ ), the zero element is obtained, which leads us to the result. Write v = n∈
Since all the elements of the forms
Replacing v by v − u, where u is a combination of some of these elements, we can assume c i = g i = r i = 0, ∀ i ∈ Z; a i , d i , h i = 0 =⇒ i > 0 or i = 0; e i = 0 =⇒ i > 0.
(3.33)
Then v can be rewritten as and e i = 0, ∀ i ∈ Z. Then (3.34) becomes
By Im( Id − τ ) ⊂ Ker( Id + τ ) and our hypothesis L · v ⊂ Im( Id − τ ), we have By now we have enough in hand to classify the Lie bialgebra structures on the extended Schrödinger-Virasoro Lie algebra. The following theorem is the central result of the paper. 
